symptom onset between January 2001 and December 2003. A diagnosis of AMI required at least 2 of the following characteristics: typical chest pain persisting for 30 min or longer, ischemic electrocardiographic changes, and a peak creatine kinase level equivalent to more than twice the upper limit of normal. We studied 3,076 patients with ST segment elevation AMI who underwent emergency PCI and had adequate clinical data, including baseline weight and height, available. The study protocol was reviewed and approved by the ethical committee of each participating hospital.
Definitions
BMI was calculated at baseline by dividing the patient's measured weight (in kg) by the square of the height (in m). By standard convention, the patients were divided into 4 groups according to baseline BMI: lean (<20 kg/m 2 ), normal weight (20-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ) and obese (≥30 kg/m 2 ). 4, 13 The glomerular filtration rate was calculated according to the abbreviated Modification of Diet and Renal Disease Study formula. 14, 15 Renal insufficiency was defined as a glomerular filtration rate on admission of <60 ml/min per 1.73 m 2 . 15 Diabetes mellitus was defined as a fasting glucose concentration of ≥7.0 mmol/L, a blood glucose concentration of ≥11.0 mmol/L on a 75-g, 2-h oral glucose tolerance test, or the use of antidiabetic therapy. Hypertension was defined as a history of a systolic blood pressure of ≥140 mmHg, a diastolic pressure of ≥90 mmHg, or the use of antihypertensive therapy. Hyperlipidemia was defined as a fasting total cholesterol concentration of ≥220 mg/dl, a fasting triglyceride concentration of ≥150 mg/dl, or the use of antihyperlipidemic therapy. Pre-infarction angina was defined as the presence of typical chest pain, occurring at rest or during exercise, and persisting for <30 min, within 24 h before the onset of AMI. 16 
Coronary Angiography and Coronary Intervention
All patients were emergently taken to the cardiac catherization laboratory for coronary angiography and received PCI when it was deemed necessary by the operator. Device selection was left to the physicians' discretion. Stenting was done in all patients in whom the procedure was feasible. The perfusion status of the infarct-related artery was assessed according to the Thrombolysis In Myocardial Infarction (TIMI) study classification. 17 Final TIMI flow grade was assessed on the basis of the final angiograms obtained at admission.
Statistical Analysis
Data are expressed as the mean values ± SD for continuous variables and as percentages for categorical variables. We made comparisons by one-way analysis of variance (ANOVA) for continuous variables, and the statistical significance of differences was calculated using the Scheffe F test. Chi-squared analysis was used to compare categorical variables. A probability value of <0.05 was considered to indicate a statistically significant difference. Multiple logistic regression analysis was used to examine determinants of in-hospital mortality. Variables used for analysis included age, gender, time to admission, Killip ≥2 on admission, previous infarction, diabetes mellitus, hypertension, renal insufficiency, anterior infarction, absence of preinfarction angina, occlusion status at the culprit lesion, multivessel disease, stent implantation, final TIMI flow grade ≤2, and BMI categories. The strength of association with BMI was assessed by comparing the 3 groups with abnormal BMI against the normal weight group (ie, BMI 20-24.9 kg/m 2 ). Odds ratios and 95% confidence intervals were calculated. Data were analyzed using SPSS software (Version 10, SPSS Inc, Chicago, IL, USA).
Results

Clinical Characteristics
The 4 groups comprised: lean, 337 patients (11%); normal weight, 1,759 patients (57%); overweight, 866 patients (28%); and obese, 114 patients (4%). The baseline characteristics of the patients according to BMI are shown in Table 1 . Mean age decreased with increasing BMI. As seen in Fig 1, the ratio of elder patients (≥75 years) decreased progressively, whereas that of younger patients (<55 years) increased progressively with increasing BMI. The time from symptom onset to admission and the frequencies of previous infarction and renal insufficiency did not differ among the 4 groups. There was a trend toward a lower rate of Killip class ≥2 on admission with increasing BMI, but the differences did not reach statistical significance. Lean patients were less frequently men. With increasing BMI, the frequencies of diabetes mellitus, hyperlipidemia, hypertension and smoking increased. Peak creatine kinase levels did not differ among the 4 groups.
Angiographic Findings
Angiographic findings of the patients are shown in Table 1 . There were no significant differences among the 4 groups in terms of infarct location, frequency of multivessel disease, stent implantation or final TIMI flow grade. There was a trend toward a higher rate of initial TIMI flow grade 0 with increasing BMI, but the difference did not reach statistical significance.
In-Hospital Outcomes
During hospitalization (mean, 14 days), 132 patients (4.3%) died (94 being from cardiac causes). In-hospital mortality progressively decreased with increasing BMI (Fig 2) . Especially in women, lean patients had strikingly higher in-hospital mortality (Fig 3) . The frequencies of reinfarction, heart failure and stroke did not differ among the 4 groups ( Table 1 ). Multivariate analysis showed that BMI itself had no impact on in-hospital mortality (Table 2) . Being lean was slightly but not significantly associated with in-hospital mortality. Independent predictors were age, Killip class on admission, renal insufficiency and final TIMI flow grade.
Discussion
The present study demonstrated that lean patients had the highest in-hospital mortality, which decreased progressively as BMI increased, for patients who underwent primary PCI for ST segment elevation AMI. However, multivariate analysis showed that BMI itself had no impact on in-hospital mortality.
Data on the relationship between BMI and outcomes in patients with AMI are limited and inconsistent in the present era of coronary intervention. Wells et al reported no relationship between BMI and death in patients with AMI, 10 whereas several recent studies demonstrated that obese patients (≥30 kg/m 2 ) have a lower rate of in-hospital mortality than normal weight patients (<25 kg/m 2 ) after primary PCI for AMI. 11, 12 None of these studies concluded that BMI itself contributes to in-hospital mortality, which is consistent with the results of the present study. An important demographic difference, however, was that about 70% of the patients in these other studies were overweight or obese compared with only 32% in the present study, perhaps reflecting differences in body weight between Japan and other countries. Despite the different prevalence of obesity, the rates of in-hospital death or reinfarction in normal weight, overweight and obese patients in the study by Mehta et al, 11 which is based on the Primary Angioplasty in Acute Myocardial Infarction (PAMI) database, were similar to those of the present study. Moreover, previous studies were unable to explore the clinical implications of being lean (<20 kg/m 2 ). One study in patients undergoing elective PCI demonstrated that lean patients have a significantly higher risk of in-hospital death than patients with normal weight. 4 Therefore, we separated lean patients from normal weight patients in the present study and found that the former had the highest risk of in-hospital death, being equivalent to twofold that of patients with normal weight. The increased risk of in-hospital mortality was most strikingly demonstrated in lean women. However, BMI in lean patients was slightly but not significantly associated with in-hospital mortality. Thus, further studies are required to confirm or refute whether being lean is related to such outcomes. BMI data appear to be confounded by several other factors in patients with AMI who underwent primary PCI. We found that obese patients had more cardiovascular risk factors, such as hypertension, diabetes mellitus and hyperlipidemia, which is consistent with the results of most other studies. [1] [2] [3] [4] 11, 12 Despite such adverse clinical profiles, obese patients had better in-hospital outcomes. In contrast, lean patients had fewer cardiovascular risk factors but the highest in-hospital mortality. Lean patients were more often elderly and female. In the present study, advanced age was independently associated with increased mortality, whereas female gender was not. 18 Numerous studies have shown that elderly patients have poor clinical outcomes after AMI, irrespective of reperfusion modality. [19] [20] [21] Conversely, the obese patients in the present study were, on average, 16 years younger than the lean patients. 22 Younger age at presentation may have provided the survival benefit in the obese patients. More aggressive treatment because of their younger age may also be a potential explanation for the better survival rate in the obese patients. Nikolsky et al have recently attributed the better survival rate after primary PCI in obese patients with AMI to the association of obesity with younger age and better renal function. 12 They evaluated renal function on the basis of creatinine clearance, which is influenced by body weight. In the present study, the creatinine clearance in lean, normal weight, overweight and obese patients was 52±27, 71±30, 91±35 and 113±50 ml/min (p<0.001), respectively. Consistent with the findings of Nikolsky et al, 12 results of the present study found that increased BMI was associated with improved renal function. Recently, however, glomerular filtration rate has been acknowledged as a more accurate index of renal function than creatinine clearance. 14 Although we found no association between BMI and renal function evaluated on the basis of glomerular filtration rate, renal insufficiency was a determinant of in-hospital mortality. Moreover, in the study by Nikolsky et al, obese patients had a higher incidence of inferior AMI, 12 which generally has a better prognosis than anterior AMI. In the present study, infarct location did not differ among the different BMI groups. Our data suggest that age is most likely implicated in the confounded relationship between BMI and in-hospital mortality.
As for coronary angiographic findings, the extent of underlying coronary atherosclerosis did not differ among the BMI groups, which is consistent with the findings of other studies. 11, 12 We found that there was a trend toward a higher rate of initial TIMI flow grade 0 with increasing BMI. This may be partly due to alterations in hemostatic variables, such as increased levels of plasminogen activator inhibitor-1, associated with hypercoagulable states. 23 Nonetheless, postprocedural TIMI flow grades were similar among the BMI groups.
Study Limitations
Our study was a retrospective analysis and, thus, had several inherent limitations, including selection and referral biases. However, the database we used was relatively large and included patients treated at hospitals of various sizes and settings, making it more representative of current practice patterns than prior single-site databases. We were unable to explore adequately the significance of being severely obese (ie, ≥35 kg/m 2 ) because of the very low prevalence of this condition. However, we demonstrated clearly that lean patients had the highest in-hospital mortality in the contemporary reperfusion era. In the present study, because the causes of death were not examined in detail, we could not assess whether the main causes of in-hospital death differed between the lean group and the obese group. Further investigations are necessary to determine why lean patients are more likely to have poorer outcomes compared with obese patients. The use of BMI as a measure of obesity may not characterize sufficiently the impact of body size. Data on waist circumference and waist-to-hip ratio were unavailable; such alternative criteria for obesity may be more closely related to cardiovascular disease and death than BMI. [24] [25] [26] Finally, changes in BMI after admission were not assessed. Because such changes may have an impact on late outcomes, we assessed only in-hospital outcomes.
Conclusion
In patients who underwent primary PCI for ST segment elevation AMI, in-hospital mortality progressively decreased as BMI increased. Our findings suggest that this 'obesity paradox' may be explained by the fact that obese patients were younger at presentation.
